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Abstract 
Basing on three-dimensional numerical tank, effects of topography on the disffuse of thermal discharge in power 
plant is studied by selecting k-ε turbulence model in this paper. The result shows that the larger the slope of the 
topography is, the bigger in the horizontal direction the diffusion of thermal discharge is; on the contrary, the thermal 
diacharge have more impact in the vertical direction. 
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1. Introduction 
The heat of thermal discharge in the coastal fossil fuel/nuclear power plants will not only rise the 
temperature of the ground floor near the air, but also may causes certain impact on the ecosystem of the 
receiving water as a lot of heat is discharged into the receiving water and make its temperature increased 
[1]. The topographies of the actual water intake-outlet project in many power plants are complex and 
variable, the different topographies will lead to the different temperature of the intaking water. The effects 
of thermal discharge of eclipsed form (Three-dimensional arrangement of eclipsed form is shown in 
Figure 1) on the surrounding water environment and the intaking water temperature will be investigated 
in this paper. 
2. Research progress  
Leendertse divided the water domain of calculation into a fixed multi-layer, and then discretized using 
ADI scheme [2]. By using fixed stratification method Kim and Lee established three-dimensional 
tide-flow model of the Gulf in 1994[3]. Hamrick and Mills studied the influence of nuclear power plant on 
water temperature of the Conowingo Pond in 2000[4]. SHU made numerical simulation on the impact of 
coastal cooling water in 2001[5].  
Ping Zeng studied the transport of the waste heat of nuclear power plant in the coastal water using the 
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second-order corrected k-ε turbulence model[6]. Jin Haisheng (1991) established a mathematical model to 
simulate density stratified flow with the temperature and salinity gradients [7]. Wu Shi qiang[8]et al solved 
the water temperature distribution by using two-dimensional equation of water quality and splitting 
operator method. Zhu Junzheng (2007) simulated and calculated the strong gulf tidal flow field and 
temperature field, and analyed the temprature rise of the cooling water in different factors by using the 
two-dimensional hydrodynamic model averaging along the water depth and the equation of mass 
transport [9]. 
3. Numerical simulation 
As shown in Figure 2, eclipsed form method is taken with setting a riverine or coastal slope β.  x, y 
and z represent the direction vertical to water flow, the direction of gravity and water flow direction 
respectively. 
The calculation conditions are listed in Table 1. 
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Figure 1 Schematic diagram of three-dimensional arrangement of eclipsed form 
   
Figure 2 Schematic diagram of model 
Table 1 Calculation Conditions  
slope 
β 
drainage 
vel. 
m/s 
intake 
vel. 
m/s 
upstream 
vel. 
m/s 
upstream 
Temp. 
K 
drainage 
Temp. 
K 
90o 0.8 0.8 0.2 298 308 
60o 0.8 0.8 0.2 298 308 
45o 0.8 0.8 0.2 298 308 
Arc 0.8 0.8 0.2 298 308 
 
A typical cross-section is selected to analyze the temperature field under the different slope β. The 
temperature field at the cross-section z=2.05m is shown in Figure 3. This cross-section passes through the 
inlet and outlet vertically. As can be seen from the Figure 3 that the diffusing area of the thermal 
discharge in the section is mainly near the outlet and does not reach the inlet. It denotes that the 
temperature of the water intake is not affected by the thermal discharge in the cross-section.  
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(a) Temperature field when β=90o 
 
(b) Temperature field when β=60o 
 
(c) Temperature field when β=45o 
 
(d) Temperature field when slope is arc 
Figure 3 Temperature field of z = 2.05m  
The horizontal cross-sections are selected to analyze the change of the temperature field near the inlet 
and outlet. Figure 4 and Figure 5 respectively represent the distributions of temperature field of the 
horizontal section y=0.28m and y=0.08m, which separately pass through the outlet and inlet. Affected by 
the flow of upstream, the thermal discharge spreads to the downstream. Larger upstream velocity is, 
the faster the thermal diffusion is, the horizontal spread is faster than vertical diffusion. Because of the 
presence of water intake, a part of the thermal discharge may be returned to the inlet. 
It can be seen from Figure 4 that the slope change affects the diffusion region of the thermal discharge 
in the direction of the upstream flow. The smaller the slope is, the bigger the thermal diffusion area is, 
which shows that the slope has a significant effect on the diffusion of the thermal discharge along the 
direction of upstream flow. It also can be seen from Figure 4 that the scope of thermal diffusion of the 
temperature field when β = 60o in the horizontal direction is larger than β = 90o, when β reduces to 45o, 
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the thermal diffusion area of the horizontal direction decreases. 
Figure 5 shows the comparison of the temperature field around the inlet. Comparing Figure 4 with 
Figure 5, it can be seen that the isotherm values near the water intake increases gradually from left to 
right, but near the oulet, the isotherm values decreases gradually from left to right beside the right side of 
inlet. 
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    (a) Temperature field when β=90o 
 
  (b) Temperature field when β=60o 
 
     (c) Temperature field when β=45o 
 
     (d) Temperature field when slope is arc 
Figure 4 Temperature field of y=0.28m 
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     (a) Temperature field when β=90o 
 
       (b) Temperature field when β=60o 
 
    (c) Temperature field when β=45o 
 
    (d) Temperature field when slope is arc 
Figure 5 Temperature field of y=0.08m 
4. Conclusions 
The diffusion of the thermal discharge and its effects on the temperature rise of the water intake in 
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power plant are simulated when the topography changes in this paper. The results show that: 1) When the 
slope increases, the diffusion of the thermal discharge in the horizontal direction has larger influence; 2) 
When the slope is smaller, the diffusion of the thermal discharge in vertical direction is larger. The range 
of relatively high temperature becomes smaller. And the smaller the sloppe is, the greater the gradient of 
temperature is, the speed of vertical diffusion is faster than the level of thermal discharge ; 3) The values 
of isotherm increase gradually along the upstream direction near the water intake; On the contrary, near 
the outlet, the values of isotherm decrease gradually along the upstream direction.  
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